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STRUCTURAL BUSHING APPLICATION FOR 

HIGHLY LOADED COMPOSITES LUGS 

BACKGROUND OF THE INVENTION 
[0001] The invention relates to lug assemblies and, more particularly, to a drilled hole 
composite lug assembly typically used in joints such as clevis type joints, for example in the 
main rotor cuff of a helicopter. 

[0002] Drilled hole composite lugs are commonly used in clevis type joints, where a load is 
transferred from one member to another by a bolt or pin. It may be desirable to bush theses 
composite lugs to provide protection against damage to the laminated lug structure which 
might occur during bolt installation and /or removal, or due to normal wear due to high 
bearing pressures and small relative movements of the mating parts. 

[0003] Thick-walled bushings are often used to repair mis-located holes in expensive 
composite parts. These bushings can be installed in an oversized, mis-located hole and then 
drilled in the correct location. 

[0004] In lugs for joints where loads are transmitted in a direction parallel to the bolt axis, it 
is frequently desirable to incorporate shoulder bushiiigs which can provide protection for the 
faces of the lug. Shoulders can be bonded in instances where the lug bearing stress does not 
exceed 24, 000 -f-/- 4,000 psi which is the typical adhesive bearing allowable stress. 

[0005] This allowable stress applies to both loading parallel to the bolt axis (T) and loading 
perpendicular to the bolt axis (P). For the loading parallel to the bolt axis, the bearing stress 
is T/A, where A is the contact area between the bushing shoulder and the composite part. For 
loading perpendicular to the bolt axis, the bearing stress is P/Dt, where D is the diameter of 
the bushing "shank", and t is the thickness of the composite laminate. The bearing stresses 
due to loading parallel to the bolt axis are always compressive, and a stress level above the 
allowable will produce breakdown of the adhesive bond. For loading perpendicular to the 
bolt axis, bearing stresses are compressive in the loaded direction, and tensile on the unloaded 
side of the bushing. When the bearing stress is exceeded, breakdown of the bond on the 
loaded side of the bushing will occur. An additional failure mode which often occurs is a 
tensile failure on the unloaded side of the bushing. This mode has a much lower allowable. 
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Composite bushings with relatively low modulus (i.e. +/- 45 degree fiber orientation) are 
relatively compliant, and are able to deform with the loaded hole, with reduced tension 
stresses. 

[0006] Composite components having composite drilled hole lugs, for example graphite 
laminated composites, are designed for bearing stresses which are up to 24,000 +/- 15,000 
psi, which therefore render these components outside of the useful operating parameters of a 
normally bonded shoulder bushing. In order to reduce the bearing stress, the composite lugs 
would need to be increased in diameter and thickness to reduce the bearing stresses by nearly 
a factor of 4 and for many applications this results in an undesirable weight penalty. 

[0007] With the foregoing in mind, it is the primary object of the present invention to 
provide a composite lug assembly including a structural bushing application which is well 
adapted to highly loaded composite lugs. 

[0008] It is a further object of the present invention to provide such a lug assembly 
including a shoulder bushing which avoids the foregoing problems. 

[0009] Other objects and advantages of the present invention will appear herein below. 

SUMMARY OF THE INVENTION 
[0010] In accordance with the present invention, the foregoing objects and advantages have 
been readily attained. 

[0011] According to the invention, a composite lug assembly is provided which comprises a 
composite lug defining a loaded side and an unloaded side and having at least one hole 
extending therebetween; and a shoulder bushing assembly comprising a first side bushing 
having a first cylindrical portion adapted to fit in said hole and a first shoulder portion 
extending from said first cylindrical portion; and a second side bushing having a second 
cylindrical portion adapted to fit within said first cylindrical portion and a second shoulder 
portion extending from said second cylindrical portion;wherein said first side bushing is 
made of a different material than said second side bushing. 
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[0012] In further accordance with the invention, a shoulder bushing assembly has been 
provided which comprises a first side bushing having a first cylindrical portion adapted to fit 
in a lug and a first shoulder portion extending fi-om said first cylindrical portion; and a second 
side bushing having a second cylindrical portion adapted to fit within said first cylindrical 
portion and a second shoulder portion extending fi*om said second cylindrical portion; 
wherein said first side bushing is made of a different material than said second side bushing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] A detailed description of preferred embodiments of the present invention follows, 
with reference to the attached drawings, wherein: 

[0014] Figure 1 is a perspective view of an environment of use including a joint having a 
composite lug assembly in accordance with the present invention; 

[0015] Figure 2 is a cross section of a lug assembly in accordance with the present 
invention; 

[0016] Figure 3 is an enlarged view of a portion of Figure 2; and 

[0017] Figure 4 illustrates assembly of the shoulder bushing in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 
[0018] The invention relates to composite lug assemblies and a shoulder bushing 
incorporated into same which are advantageously usefiil in highly loaded composite lugs, for 
example in joints of a main rotor of a helicopter and the like. 

[0019] Figure 1 shows a portion of a main rotor head assembly of a helicopter which 
includes a plurality of yoke to cuff clevis joints. These joints are one particular environment 
of use of the present invention, since these are composite parts which are assembled using lug 
assemblies, and are subjected to bearing stresses which exceed those referenced above. 
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[0020] The lug assembly 10 of the present invention is generally indicated in Figure 1, and 
is further described in connection with Figures 2-4 below. 

[0021] Turning to Figure 2, lug assembly 10 typically includes lugs 12 having holes 14 
drilled or otherwise positioned therein. Lugs 12 have an unloaded side 16 and a loaded side 
18, and hole 14 is used for positioning of a pin which secures the lug to the main rotor yoke. 

[0022] Lugs 12 are typically a composite material, preferably a graphite laminated 
composite material, and such materials must be protected in an assembly such as that shown 
in Figure 2-4 from damage of the pin positioned in holes 14. 

[0023] To this end, a bushing 20 is advantageously positioned within holes 14 as is further 
described below. 

[0024] According to the invention, bushing 20 is a shoulder bushing which advantageously 
serves to protect lugs 12 from loads applied to the inside surface of holes 14, and also to 
protect the face of the lugs 12. 

[0025] Shoulder bushing 20 advantageously includes two components of different 
materials. These components are an xmloaded-side bushing 22 and a loaded side bushing 24. 

[0026] Unloaded side bushing 22 preferably has a substantially cylindrical portion 26 and a 
shoulder or flange portion 28 which extends outwardly from cylindrical portion 26 as shown, 
for example in Figures 2-4. This unloaded side shoulder bushing 22 is advantageously sized 
and adapted to be positioned within holes 14 of lugs 12. 

[0027] Loaded side bushing 24 also advantageously preferably has a substantially 
cylindrical portion 30 and a flange or shoulder portion 32 extending therefrom. Cylindrical 
portion 30 is advantageously adapted to fit, preferably press fit, within cylindrical portion 26 
of unloaded side bushing 22. This advantageously serves to press fit the unloaded side 
bushing 22 together with loaded side bushing 24 as will be further discussed below. 
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[0028] Unloaded side bushing 22 is preferably installed loose in hole 14. Subsequent press- 
fit installation of second bushing 24 into the first bushing 22 advantageously results in a line- 
to-line or press fit between first bushing 22 and hole 14. 

[0029] Substantially cylindrical portion 30 of loaded side bushing 24 is advantageously 
provided having substantially thick walls to allow for drilling of a hole 34 therethrough which 
is the properly-positioned hole for connection with a pin as described above. 

[0030] In the embodiment shown in Figure 2, it should be noted that the unloaded sides 16 
are on opposites sides of each lug 12 which is illustrated, with the loaded sides being the 
internal- facing surfaces of these lugs 12. 

[0031] In accordance with the invention, and advantageously, unloaded side bushing 22 is 
provided of a different material firom loaded side bushing 24. 

[0032] Unloaded side bushing 22 is advantageously provided of a material having a low 
enough modulus as compared to the composite in which it is positioned to achieve a good 
fit/press. The material for this bushing is also advantageously a galvanically compatible 
material with the lug and also the other bushing. This bushing 22 should have a modulus less 
than 20 e^ psi and, below that limit, preferably as low as possible. One particularly preferred 
material for this bushing is titanium, which is galvanically compatible, has a suitable modulus 
(16e^) and is also advantageous due to its low weight. Of course, other metallics having 
suitable galvanic compatibility and modulus can be used. 

[0033] Loaded side bushing 24 is advantageously provided of a material which is sized to 
provide a good force fit of the cylindrical portion of the unloaded side bushing 22 within the 
lug. The material is also preferably one which is relatively ductile and softer than the 
material from which the pin or bolt to be disposed in the lug is made or at least sufficiently 
soft to minimize bolt chafing. Suitable materials for this bushing include bronze- nickel- 
aluminum alloy, beryllium-copper alloy and combinations thereof. Of these materials, 
bronze-nickel-aluminum alloy is particularly preferred. For a steel bolt, modulus of 30e^, 
bushing 24 should have a modulus of less than 20e^ to ensure that there will be minimal or no 
fi-etting or chafing of the bolt. 
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[0034] In accordance with the present invention, unloaded side bushing 22 is 
advantageously bonded to prevent the bushing assembly from rotating during final machining 
of hole 34. Preferably, the bond should be located at the contact point between flange or 
shoulder portion 28 and the surface of unloaded side 16. Due to the press-fit and sleeve like 
interaction between bushing 22 and bushing 24, stresses along the axis of the bushing are not 
transmitted to unloaded side bushing 22, and therefore the bond between unloaded side 
bushing 22 and surface 16 is not destroyed. 

[0035] Figure 4 illustrates the general steps for assembly of the bushing of the present 
invention. As shown, assembly can advantageously be started with positioning of unloaded 
side bushing 22 into hole 14 with a suitable bonding agent positioned along the underside of 
flange 28 as discussed. The bonding agent may for example be room temperature curing 
paste adhesive such as Hysol EA9309.3NA, Magnabond 6380 and the like. 

[0036] After positioning of unloaded side bushing 22, loaded side bushing 24 is 
advantageously press-fit into unloaded side bushing 22, as shown in the upper portion of 
Figure 4, so as to complete positioning of the bushing 20 in accordance with the present 
invention. Bushing 20 as set forth above is advantageously sized to provide at least line-to- 
line or press-fit assembly within the lug. 

[0037] As noted above, the inner or loaded side bushing 24 is advantageously thick-walled 
to allow final machining of the hole 34 to be positioned therein. 

[0038] Also, assuming line-to-line resultant fit between unloaded side bushing 22 and the 
composite lug, the bonded shoulder of unloaded side bushing 22 will advantageously prevent 
rotation of the bushing pair during machining or service. 

[0039] The assembly as described above can advantageously be utilized in the composite 
main rotor cuff, for example of a helicopter. The cuff itself is fabricated, for example using 
graphite epoxy prepreg material. The titanium bushing flange can be bonded to such a cuff at 
room temperature using a suitable paste adhesive. The cuff transmits main rotor blade 
centrifugal forces, bending moments, and shear loads to the main rotor yoke, typically using 
four clevis joint type arrangements as shown in Figure 1. The lugs of such of an arrangement 
are highly loaded and the assembly of the present invention allows excellent bonding of the 
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unloaded-side bushing, and suitable protection for the pin and surfaces of the composite lugs, 
while providing a desirably light weight of the assembly. 

[0040] It is apparent that there has been provided in accordance with the present invention a 
structural bushing application for highly loaded composite lugs which fully satisfies the 
objects, means, and advantages set forth previously herein. While the present invention has 
been described in the context of specific embodiments thereof, other alternatives, 
modifications, and variations will become apparent to those skilled in the art having read the 
foregoing description. Accordingly, it is intended to embrace those altematives, 
modifications, and variations as fall within the broad scope of the appended claims. 
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